Introduction
Gastrointestinal stromal tumors (GIST) are rare cancers with an age-adjusted incidence of 1.5 per 100,000 inhabitants. Nevertheless, GIST are the most common mesenchymal tumors of the gastrointestinal tract [1] . Surgical removal is the most important therapy for non-metastatic tumors, and R0 resection remains the only curative option and cornerstone of GIST treatment [2, 3] . Nevertheless, up to 50% of all patients with primarily non-metastatic GIST develop tumor recurrences depending on size, proliferative activity, localization of the primary, and intraoperative tumor rupture [4] . Frequently, local recurrences as well as peritoneal or hepatic metastases are not accessible for surgical treatment despite concurrent receptor tyrosine kinase inhibitor (RTKI) treatment [5] .
Progress in understanding the underlying molecular mechanisms of GIST has led to the development of rational, targeted therapy approaches. Approximately 80% of GIST tumors have a gain-of-function mutation of the c-kit or PDGF receptor [6] [7] [8] .
Targeted therapy with the small-molecule RTKI imatinib has led to a dramatic improvement of the prognosis of patients with metastatic GIST [9] [10] [11] . The European Medicines Agency and the Food and Drug Administration did not only approve imatinib for the treatment of metastatic disease but also as an adjuvant therapy for patients with a significant risk of tumor recurrence [12, 13] . In sensitive tumors, imatinib often results in a partial response and has been proposed as preoperative treatment very early. The options of neoadjuvant imatinib therapy are: less invasive and organ-sparing surgery, avoidance of tumor rupture during multivisceral resection of untreated primary tumors, and improved basis for adjuvant RTKI treatment. This review summarizes the current evidence of neoadjuvant treatment of GIST.
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Principles of Surgery and Different Rationales for Preoperative Treatment in Locally Advanced GIST
Both the US National Comprehensive Cancer Network (NCCN) and the European Society for Medical Oncology (ESMO) guidelines describe the R0 resection of GIST as the main goal of surgical therapy [2, 3] . Although individual studies imply an advantage in terms of local recurrence-free survival for resection margins larger than 1 cm, marginal resections are considered appropriate as long as microscopically tumor-free margins are established [14, 15] . In contrast to gastrointestinal carcinomas, systematic lymphadenectomy is not indicated in GIST since lymph node metastases are a rare event. Because of both principles, complete tumor resections along with atypical or segmental removal of the stomach, the small intestine, or the rectum are regarded as oncologically adequate. Whereas in rectal cancer anterior rectal resection with total mesorectal excision is indicated, a marginal transanal full-thickness R0 resection may be sufficient for a rectal GIST of the similar localization and diameter [16] .
Both guidelines mentioned above clearly recommend the use of neoadjuvant therapy to treat locally advanced GIST if surgical morbidity and mutilating surgery may be avoided. The US guideline mentions rectal GIST as an exemplary indication for neoadjuvant therapy [2] . If downsizing of the tumor enables sphincter-preserving surgery, neoadjuvant imatinib should be considered. Performing a transanal resection without opening the peritoneum might even have the potential to decrease the risk of peritoneal tumor spread, which are most likely the sequelae of intraoperative contamination or direct invasion by the tumor. Transanal local excision leaves the peritoneal cavity intact and may thus reduce the rate of peritoneal metastases [16] . Whereas the latter is a theoretical advantage, sphincter preservation in rectal GIST after preoperative downsizing has been clearly demonstrated in a number of case series [17] . In case of gastric GIST, located in the cardia, local excision without resection of the esophagogastric junction may be achieved ( fig. 1 ) ; in case of duodenal GIST, a wedge resection may replace a Whipple's procedure [18] [19] [20] [21] .
Organ-sparing surgery in gastric GIST impacts adjuvant imatinib therapy. Evaluation of imatinib blood levels in patients under treatment demonstrated that patients after total gastrectomy had lower drug levels than those with partial gastric resection only [22] . Postoperative imatinib treatment is indicated for a large proportion of patients with advanced gastric GIST [2, 3] . Therefore, minimizing the extent of removal of the stomach for gastric GIST primary tumors will not only be advantageous in the setting of adjuvant treatment but will also positively influence drug therapy for metastatic disease. Translational studies evaluated the relationship between imatinib blood levels and treatment response. It revealed that plasma levels below 760 ng/l after 3 months of treatment are associated with a worse prognosis [23] . Interestingly, in this cohort analyzed in France, there was also a strong correlation between the extent of gastric resection and imatinib blood levels. This indicates that preoperative treatment with imatinib in patients with upper gastrointestinal tract GIST results in higher drug levels both pre- Tumor rupture is a major risk factor in GIST. Cohort studies show a recurrence rate of close to 100% after spontaneous or intraoperative tumor rupture [4, [24] [25] [26] [27] . Postoperative RTKI therapy may delay tumor relapse after rupture -and must not be interrupted -but it cannot prevent local or peritoneal recurrence. Since peritoneal GIST metastases have a worse prognosis compared to those of the liver, any attempt should be made to decrease the risk of intraoperative tumor rupture [28] . There are no prospective studies on this subject; however, there is strong belief that downsizing and devitalization of large, fragile GIST by preoperative treatment improves surgical handling and avoids tumor rupture ( fig. 2 ).
Surgery for GIST may be performed using conventional, laparoscopic, or robotic techniques [29, 30] . No randomized trials have been performed to compare surgical techniques. Reports from single-center cohorts are strongly biased since they are usually reported by experienced laparoscopic surgeons who would only perform open surgery in the most complex cases. In principle, minimally invasive techniques are ascribed lower postoperative morbidity and better cosmetic results. Consequently, downsizing of a GIST by preoperative treatment may go along with the advantages of minimally invasive surgery in general. Nevertheless, surgeons need to bear in mind that the guidelines discourage to perform minimally invasive surgery if there is any risk to increase the rate of tumor rupture, although this notion lacks evidence from data proving that minimally invasive surgery poses the patients at a higher risk for tumor fragmentation [3, 31] . Beside faster recovery after less invasive surgery, tumor response may also lead to less intraoperative bleeding in otherwise highly vascularized large GIST tumors through tumor devitalization. Monitoring of neoadjuvant therapy by imaging studies demonstrates that neovascularization decreases significantly [32] . In summary, the opportunities of preoperative imatinib therapy may be less invasive and organ-sparing surgery with avoidance of tumor rupture and bleeding as well as improved quality of perioperative RTKI treatment.
Neoadjuvant Treatment in Case of GIST Presenting as an Emergency
The question is whether the treatment policy has to be changed in patients being diagnosed with upper gastrointestinal bleeding in locally advanced gastric or duodenal GIST in comparison to those patients presenting in an elective state. More than 10% of the patients with stomach GIST and almost 15% of those with GIST of the duodenum present as an emergency, mainly with upper gastrointestinal bleeding [33] . There are no prospective studies but a lot of anecdotal publications reporting acute bleeding rates of up to 55% and recommending sleeve gastrectomy as well as successful control of bleeding by imatinib with subsequent tumor resection after downsizing [34] [35] [36] . Our institutional policy would always intend to treat a primary stomach GIST, which becomes symptomatic with an upper gastrointestinal bleeding, by a neoadjuvant therapy with imatinib, if there is a sensitive mutation. The immediate suspension of tumor proliferation and the rapid reduction of tumor perfusion (detectable in perfusion magnetic resonance imaging (MRI), contrast-enhanced computed tomography (CECT), and positron emission tomography (PET)) is almost always expected to stop the bleeding. The prerequisite is that an imatinibsensitive mutation is present ( fig. 3 ) . We analyzed the mutational spectrum of all GIST in our database of the past 15 years and compared the data to those tumors in which we would look for a downsizing by neoadjuvant therapy, typically with imatinib. Of 516 GIST primary tumors, 407 (78.8%) had an imatinib-sensitive exon 11 mutation. The subgroup of gastric GIST larger than 10 cm, duodenal or rectal GIST larger than 6 cm, and esophageal GIST larger than 5 cm comprised of 167 tumors. In this group, 118 (70.6%) patients presented with an exon 11 mutation (n.s.). Interestingly, if one looks at exon 9 mutations, the overall group consists of 48/516 patients (9.3%), whereas the group with larger tumors and potential neoadjuvant indication only showed 5/167 patients (3%) with this subtype requiring 800 mg of imatinib to respond. Since it often takes a few days before the mutational data are available, we would immediately start therapy with imatinib if we were to detect a spindle cell tumor with upper gastrointestinal bleeding which otherwise has the characteristic signs of GIST. The rate of side effects is low, and the probability to respond to therapy is high.
Review of the Literature
RTOG 0132 was one of the first prospective studies to test the feasibility of preoperative imatinib [37] . The study population included both primary non-metastatic as well as recurrent and (oligo-)metastatic patients. All tumor lesions had to be resectable. Patients received 600 mg imatinib daily for 8-12 weeks preoperatively and for 2 years postoperatively. 62 patients were included, of whom 53 patients were evaluated, including 30 patients with primary non-metastatic GIST ( table 1 ). As in the other studies, primary tumors of the duodenum and rectum were significantly overrepresented compared to the total population of GIST patients. This indicates the preference of preoperative treatment for tumors at difficult surgical locations. The median tumor size was 9 cm. The short duration of the preoperative therapy has been chosen because the registration studies for imatinib had shown treatment response in a number of cases already after 10 weeks. This explains the rather lower rate of partial remissions compared to the other phase II trials ( table 1 ) . Fortunately, none of the patients showed tumor progression during preoperative therapy. Treatment was regarded to be safe in oncological terms. The wound infection rate at surgery was 7%; one anastomotic leakage, one bile leakage, and two intra-abdominal abscesses occurred in 45 documented surgical procedures.
NCT 00290485 was a Canadian prospective phase II study [38] . Between 2004 and 2007, 14 patients with primary non-metastatic GIST were included. The therapeutic intervention consisted of the preoperative administration of 400 mg imatinib for up to 12 months. The authors of the study envisaged the first imaging after Fig. 2 . Partial response documented on axial ( 1a and 2a ) and coronary ( 2a and 2b ) computed tomography imaging of a high-risk gastric gastrointestinal stromal tumor harboring an exon 11 mutation of c-kit before ( 1a and 1b ) and after ( 2a and 2b ) induced by preoperative treatment with imatinib for 15 months. As a result, the patient underwent wedge resection of the stomach instead of total gastrectomy plus splenectomy. Currently, the patient receives adjuvant imatinib in the second year after surgery and remains recurrence-free.
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Visc Med 2018;34:359-365 DOI: 10.1159/000493405 362 9 weeks to enable early tumor resection in the case of progressive disease. Imatinib had a favorable toxicity profile. Skin toxicity and nausea were the most common side effects. 3 patients had a tumor hemorrhage and 1 patient underwent surgery before completion of preoperative treatment under suspicion of tumor progression due to aggravating symptoms. However, this patient did not show tumor perforation or tumor progression intraoperatively. Again, none of the patients showed tumor progression during preoperative treatment, and 62% developed a partial remission according to RECIST. 1 patient with an esophagogastric resection suffered from an anastomosis leakage postoperatively.
Primary endpoint of the Japanese-Korean UMIN00000003114 study was the R0 resection rate of gastric GIST larger than 10 cm [39] . GIST of other localizations were not included in this trial. Study intervention was the administration of 400 mg imatinib for 6-9 months. 56 patients were included in the trial, 53 of whom were eligible for evaluation. None of the patients developed tumor progression. A partial remission was achieved in 62% of patients. The most common grade III side effects of preoperative imatinib were rash (9%) and neutropenia (8%). In the cohort (n = 53) undergoing surgery only 3 patients required total gastrectomy for complete tumor removal. The R0 resection rate was 96%. 2 patients suffered from anastomotic leakage, 2 patients developed wound infections, and 1 patient suffered from abdominal abscess formation.
The German Apollon Trial (NCT00112632) was a prospective phase II study in locally advanced GIST to test the efficacy of preoperative imatinib 400 mg for 6 months [40] . 46 patients were included into the trial. Dose reductions and therapy interruptions became necessary in 2 patients. In another 2 patients, early tumor resection was performed due to tumor progression. The median tumor size of all other patients decreased from 9 to 5 cm during preoperative treatment. The most important finding of the Apollon trial was that 26 patients had less extensive surgery after preoperative treatment compared to the initially planned procedure; in 70% of all patients who were scheduled for full-organ resection (e.g. total gastrectomy or abdominoperineal/low anterior resection), a limited organ resection could be performed. The R0 resection rate was 88%. Perioperative morbidity was not at all increased compared to similar resections for epithelial cancer.
Similar results were reported by a smaller prospective Swedish trial. 10 high-risk GIST patients received 400 mg imatinib preoperatively for up to 12 months [21] . The median tumor size decreased from 20 to 10 cm. In 8 out of 10 patients, a relevant reduction in the extent of tumor resection was achieved (e.g. wedge resection of the stomach instead of total gastrectomy). The analysis of the pooled databases from 10 experienced centers of the EORTC Soft Tissue and Bone Sarcoma Group represents the largest published cohort of GIST patients treated by preoperative imatinib and tumor resection [41] . With a median follow-up of 46 months, 161 patients with GIST of the stomach (55%), rectum (20%), and duodenum (10%) had an R0 resection rate of 83% and a 5-year progression-free survival (PFS) rate of 65%. Treatment toxicity corresponded to the known side effects of imatinib when administered in metastatic disease. Obviously, preoperative therapy was particularly indicated for GIST at difficult anatomical locations such as the rectum or duodenum since both are clearly overrepresented in relation to their incidence.
Preoperative Treatment of Locally Advanced GIST

Drug Selection
Imatinib is an orally administered, well-tolerated and effective RTKI, which is approved for first-line treatment of unresectable and metastatic GIST and for adjuvant treatment in tumors with a relevant risk for recurrence. More than 80% of primary tumors harbor mutations in the KIT or PDGFRA proto-oncogene [6, 8] .
Several phase II trials have demonstrated the safety and efficacy of preoperative imatinib, and if an imatinib-sensitive mutation is present, the drug is the first choice for neoadjuvant treatment. The standard dose of imatinib is 400 mg given daily per os. In case of mutations in the exon 9 of KIT , the dose must be increased to 800 mg to achieve a similar response as in exon 11 mutations [42] .
Other receptor tyrosine kinases such as sunitinib and regorafenib are approved for imatinib-resistant tumors and secondor third-line therapy [43, 44] . An institutional study by Raut et al. [45] evaluated surgery for metastatic GIST in 50 patients after sunitinib therapy. Their conclusion was that the combination is feasible; however, the complication rates were significantly higher than after imatinib pretreatment. The risk of postoperative wound (and anastomotic) healing disorders may occur due to the anti-angiogenic properties, probably related to the inhibition of angiogenesis by sunitinib and regorafenib. Regarding the increased toxicity of both drugs (e.g. hypertension and hand-foot syndrome), both drugs do not seem to be good candidates for perioperative use over several months. Surgeons should bear in mind that both drugs should be stopped 2 weeks prior to any abdominal surgery to ensure proper wound (and anastomotic) healing [46] .
Nilotinib is a selective RTKI that has a similar activity against KIT and PDGFR as imatinib. The oncological efficacy of nilotinib as a first-line treatment has been compared to that of imatinib in a randomized phase III trial [47] . The primary endpoint of the trial was PFS. PFS was better with imatinib (hazard ratio (HR) 1.47) for all patients and especially in patients with KIT exon 9 mutations (HR 32.46) but similar between arms in the KIT exon 11 mutation subgroups (HR 1.12). The overall response rate was also similar to that of imatinib (40 vs. 50%). The most frequent adverse events of nilotinib were rash, nausea, abdominal pain, and fatigue. Thus, nilotinib could be an alternative drug in the neoadjuvant setting in patients intolerant of imatinib who suffer from a GIST harboring a KIT exon 11 mutation.
Pretreatment Biopsies and Mutational Analysis
The prerequisite of preoperative treatment is the histological proof of the diagnosis of GIST and its mutational status. Although gastric and rectal GIST are easily assessable by endoscopy, often endoluminal biopsy does not prove the diagnosis and percutaneous core needle biopsies could be required. Any biopsy of GIST through the abdominal wall has in principal a risk to cause tumor cell contamination of the abdominal cavity or wall, though. Current biopsy techniques include image guidance and the use of coaxial needles to minimize this risk. A systematic evaluation of the SSG XVIII/AIO trial comparing 1 and 3 years of adjuvant imatinib in high-risk GIST was performed to determine the rate of biopsyassociated recurrences [48] . Analysis of 397 patients of whom 47 underwent percutaneous biopsy revealed that there was no difference in the recurrence rates between the two groups. The authors concluded that preoperative diagnostic percutaneous biopsy of a suspected GIST does not increase the risk for GIST recurrence in patients who receive adjuvant imatinib after the biopsy.
Imatinib is active in GIST with mutations in the exon 11 and 9 of KIT gene and non-D842V PDGFRA mutations which comprise more than 80% of all primary tumors [8] . Imatinib is not active in exon 13, 14 and 17 mutations of KIT, in D842V PDGFR mutations, and in BRAF-mutated GIST, which comprise another 15% of all tumors. In succinate dehydrogenase-deficient GIST, some activity of imatinib is seen [49] . Although all reported phase II trials of preoperative treatment required pretreatment biopsy, they did not include mutational analysis as a prerequisite for neoadjuvant treatment. Nevertheless, only few patients developed tumor progression and none of the authors reported cases of irresectability because of imatinib resistance. Nowadays, genetic testing of GIST biopsies is a standard of care and is usually available within days or weeks. If test results are inconclusive, we begin with preoperative imatinib, repeat mutational analysis, and shorten the follow-up interval in order not to miss tumor progression.
Duration and Monitoring of Preoperative Treatment
Compared to the other phase II studies, the design of the RTOG 0132 study provided the shortest preoperative therapy time of 8-12 weeks [37] . The response rate according to RECIST of the RTOG 0132 study was only 7%. Controlled trials with a longer therapy duration of 6-12 months showed response rates of more than 50%; the response rate in the cohort study of the EORTC centers was 80% [41] . The authors of the EORTC 62005 trial, evaluating PFS of locally advanced and metastatic GIST with 400 versus 800 mg imatinib, reported a median time to achieve a partial response according to RECIST at almost 9 months [50] . A dedi-cated evaluation of imaging studies performed during preoperative therapy by the Boston group showed the best response after 16 weeks [51] . Thus, we can assume a minimum therapy interval of 4 months. None of the authors of neoadjuvant studies described patients with progressive disease after initial tumor response during preoperative therapy -provided the therapy was not continued for more than 12 months or resection was refused by the patient [52] . A preoperative treatment duration of 6-9 months seems reasonable until the point when no further reduction of tumor size can be expected. The minimum therapy duration should be 4 months to achieve treatment response. The maximum duration should not exceed 12 months to avoid tumor progression after initial response.
Adjuvant imatinib is recommended in those patients with a relevant risk of tumor recurrence and whose tumors bear imatinibsensitive mutations [2, 3] . None of the published neoadjuvant trials evaluated whether adjuvant treatment may be omitted after preoperative imatinib administration. We therefore recommend administering adjuvant treatment according to the ESMO or NCCN guidelines.
The most experience in response assessment for GIST exists for CT [32] . CT is widely available and can be carried out quickly, safely, and cost-effectively. Response assessment by CT is reliable, and a second radiologist may review imaging if necessary. Therefore, we generally recommend abdominal CECT at 3-month intervals during preoperative treatment. MRI may be indicated for planning surgical procedures, e.g. in rectum GIST. PET-CT shows a metabolic tumor response within the first 2 weeks of therapy. PET-CT can therefore be indicated, particularly in cases of unclear mutation status, high toxicity, or clinical signs of progress.
Conclusion
The mainstay of GIST therapy is complete resection. Due to a typical gain-of-function mutation in the KIT or PDGFR A gene, preoperative treatment with imatinib is a rationale to achieve tumor devitalization and downsizing in locally advanced GIST. Response to treatment frequently enables less invasive and organsparing surgery and may help to avoid tumor rupture. Since RTKI drug uptake correlates inversely with the extent of gastric resection, preoperative treatment and less invasive surgery may improve the quality of adjuvant RTKI treatment in upper gastrointestinal GIST. Pretreatment biopsy and mutational analysis of KIT and PDGFRA are mandatory. If the mutation is sensitive to the drug, re-staging intervals do not need to be too close. The drug of choice is imatinib; preoperative treatment is safe and effective if given typically for 6-12 months.
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